Olfactory groove meningiomas (OGMs) and tuberculum sellae meningiomas (TSMs) arise both in the anterior cranial fossa. OGMs are a subset of meningiomas that grows over the cribiform plate and the frontosphenoidal suture. They represent 8-18% of all intracranial meningiomas 1, 2, 3, 4, 5 . OGMs displace the optic nerve (ON) and the chiasm inferiorly and posteriorly. TSMs originate from the limbus sphenoidale, chiasmatic sulcus and frontosphenoidal suture. They comprise 3 to 12% of all intracranial meningiomas 1, 6, 7, 8, 9, 10, 11 . TSMs displace the ON superiorly and laterally and the chiasm superiorly and posteriorly 6, 12, 13, 14, 15 .
The distance between the tuberculum sellae and the cribiform plate is a scanty 2 cm 1 . Nonetheless, OGMs and TSMs have features in common, mainly in cases of large meningiomas with invasion of the surrounding structures. On the basis of preoperative imaging studies and intraoperative inspection, it is often difficult to determine the exact origin of the meningioma 1, 3, 6, 8, 10, 11, 13, 14, 15, 16 ( Figures 1, 2, 3, 4) . Despite the advances of microsurgery, the management of anterior fossa meningiomas remains a great challenge. Since these tumors grew in close contact with neural and vascular structures that cannot be sacrificed or retracted, they still Following dissection of the arachnoid, the tumor is clearly seen in the tuberculum sellae. After removal of the suprasellar portion, the meningioma is identified medially to the right ON (D). After GTR, the opposite internal carotid artery, posterior communicating artery and carotid artery bifurcation are completely exposed (E). Early postoperative images showing GTR (F).
A B C D e F
raise controversies related to the best surgical approaches to deal with these lesions 1, 5, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 . In our study, we describe a unique operative strategy and personal nuances of the microsurgical technique. We also emphasize the surgical results and discuss the best operative approach in dealing with such challenging lesions.
meTHoD

Data collection
Thirty-eight patients with anterior fossa meningiomas underwent surgery through the extended pterional trans-sylvian approach, performed mainly by the senior author (JCL), between 1986 and 2013. The demographic and clinical profiles of the patients are summarized in Tables 1 and 2 respectively. Duration of symptoms ranged from 3 to 120 months (mean, 12 months). The intraoperative videos and photos of 27 patients were retrospectively analyzed for nuances of the microsurgical technique. The Simpson grade of meningioma resection was determined through review of the operative report, surgeon's assessment and postoperative images. Pathological review was performed based on the World Health Organization (WHO) guidelines. The need for informed consent was waived due to the retrospective character of the study.
Tumor characteristics
As depicted from preoperative MRI scans and confirmed during surgery, meningiomas located in the anterior fossa were classified into two subgroups according to their dural attachment. Tumors attached to the cribiform plate and to the frontosphenoidal suture were classified as olfactory groove meningiomas. Those attached to the limbus sphenoidale, chiasmatic sulcus and frontosphenoidal suture were classified as tubercullum sellae meningiomas. We also classified anterior fossa meningiomas according to their size as giant (> 6 cm), large (4-6 cm), medium (2-4 cm) and small (< 2 cm).
Surgical approach and microsurgical technique
Patients underwent surgery according to the technique described by Yasargil in 1975 with the following modifications: a pterional craniotomy with extension toward the frontal bone providing access through the subfrontal route, besides the usual anterolateral view provided by the classical pterional approach. Craniotomy is performed from the frontal bone to the ipsilateral supraorbital prominence, avoiding the frontal sinus. The frontotemporal duramater is opened in a curvilinear fashion over the Sylvian fissure and a second incision is directed toward the falciform ligament. The extended pterional approach described above was used in all cases.
oGms
The progressive elevation of the tumor from the cribiform plate and planum sphenoidale reveals small arteries that irrigate the meningioma. In order to decrease intraoperative bleeding, early interception of these feeding arteries is essential. The tumor capsule is bipolar coagulated medial to the ipsilateral ON and the tumor is debulked. If dissection of the tumor from the perforators is tenacious, it is better to leave a shell of the tumor on the vessel wall than to risk the rupture of the artery. The basal dura with tumor invasion is bipolar coagulated and striped off, and the underline hypertrophic bone is partially drilled away without entering the sphenoidal sinus (Simpson Grade 2).
TSms
The dissection must start in the planum sphenoidale or tuberculum sellae, bipolar coagulating the feeding arteries. Internal tumor debulking is achieved by piecemeal resection. The tumor located posterolaterally to the ON and medial to the internal carotid artery is carefully dissected through the optic carotid triangle and removed from beneath the ON. A diamond ball must be used for drilling the roof of the optic canal when the tumor extends through it. Copious irrigation is mandatory to prevent damage to the ON by the heat. The meningioma is exposed and carefully dissected from the inferior and medial aspect of the ON with minimal manipulation.
Patients Follow-up
In the immediate postoperative period, patients were submitted to contrast-enhanced computed tomography scans. All patients were followed up with Magnetic Resonance Imaging (MRI) studies 3 and 12 months after surgery. The mean follow-up period was 69,4 months (range, 4-324 months). Thereafter, patients were reexamined or at least interviewed by telephone. The Glasgow Outcome Scale (GOS) defined the outcome (Table 3) . 
ReSuLTS
Tumor size, histological subtype and location are summarized in Table 4 .
Operative mortality was 2.6% (one patient) due to a pulmonary thromboembolism 15 days after discharged from hospital. A 77 years-old female died 3 months after surgery due to an acute subdural hematoma. One patient died 18 months after discharged from hospital because of a pulmonary carcinoma. Other patient affected by obesity and cardiac failure died 2 years after the operation. Excellent or good outcome (GOS 4 or 5) was achieved in 31 patients (81,5%). There were 2 patients with postoperative Cerebro Spinal Fluid (CSF) leakage who returned to the operating room for repair. Surgical outcome and follow up are summarized in Table 3 .
DISCuSSIoN
Surgical approaches and microsurgical techniques
Various approaches have been described in the literature to treat anterior fossa meningiomas, including the pterional 1, 7, 10, 11, 13, 17, 20, 22, 26 , uni 3, 5, 17, 23, 24 or bilateral subfrontal 8, 11, 21, 27 and cranial base approaches 9,2,5,16,25,,27 . The surgical technique presented here is modified from one described earlier by Yasargil and others 1, 7, 10, 11 . The extended pterional approach has a number of advantages over the bifrontal craniotomy: provides the shortest distance to the tuberculum sellae, the early release of CSF from the basal cisterns, allows brain relaxation and minimizes frontal lobe retraction. Early exposure of the ON and chiasm provides protection of the visual system. The identification of the internal carotid artery improves the ability to dissect the anterior cerebral artery and its branches, allowing protection of these vessels 1, 7, 10, 11, 13, 14, 17, 19, 20, 22, 26, 28, 29, 30 . The disadvantage of the pterional approach is the inadequate visualization of the undersurface of the ipsilateral ON and chiasm. However we can circumvent this problem by moving the surgical microscope medially, associated with lateral tilt of the operative table. This surgical nuances technique was not published before. Nakamura et al. 11 compared the results of their patients operated via bifrontal and frontolateral approaches. They claimed that the frontolateral and pterional approaches provide remarkable improvement compared with the bifrontal approach. To decrease tumor recurrence, some authors recommend cranial base approaches such as uni or bilateral orbital osteotomy and cranial base drilling and reconstruction 2, 5, 8, 16, 25 . The demographic characteristics of the patients in this series did not influence the results.
extend of resection and recurrence
Gross total resection (GTR) was accomplished by a complete macroscopic lesion removal and coagulation of its dural attachment (Simpson grade II) in 33 (86,8%) patients and subtotal resection in 5 (13.1%). Published papers on TSMs and OGMs have reported GTR rates ranging from 71% to 100% (Table 2 ). Some surgeons stated that Simpson Grade I resection including dural attachment and underlying tumor-infiltrated bone is critical in preventing future recurrence. 25 Nevertheless, several surgeons, including the authors of the current paper, have preferred a more conservative approach, not entering the paranasal sinuses, because of the risk of postoperative CSF leakage and infection, especially in elderly patients 4, 9, 10, 11, 13, 17, 18, 20, 21, 22, 23 . In published microsurgical series, the recurrence rate for TSMs and OGMs, with a follow-up period ranging from 2 to 9.3 years, varies from 0 to 41%. 5, 10, 13, 16 The recurrence rate of this sample, with a median follow-up of 5.7 years (range 4-324 months), was 5.2%. mortality and clinical outcome Cushing 6 reported an operative mortality of 27.5%. As a result of the refinements of microsurgical techniques, death rates had declined 11, 18, 20, 23, 26, 29 . In this present series, the surgical mortality occured in one patient (2.6%), with 31(81.5%) patients obtaining GOS 4 or 5. Al-Mefty 25 and Solero et al.
1 observed higher mortality rates in patients with tumors exceeding 3 cm in diameter, compared with mortality rates in patients with smaller tumors. In our series, 18 individuals (47.36%) harbored large or giant tumors, but we did not observed increase in mortality in this group of patients. Nowadays, the preservation of vision is an important goal of treatment. Fahlbusch and Schott 10 and Symon 18 found tumors smaller than 3 cm to be associated with better visual outcomes than tumors larger than 3 cm in diameter. In this sample, improvement of vision occured in 10.5% of patients and preserved vision with no further deterioration in 89.4%. Improvement or stabilization of vision has been reported in 48.8 to 100% of patients undergoing surgery (Table 5) . We can conclude that the extended pterional transsylvian approach has many advantages. It is simple and fast, while preserving normal anatomy. The early exposure of the ON and chiasm provides protection of the visual system. In this paper we show that we can achieve a low mortality and morbidity, with a high rate of GTR, fewer complications, and low recurrence rates with the extended pterional transsylvian approach. Our study confirms that the pterional approach and its variants are effective to remove anterior fossa meningiomas.
